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Abstract 
In this paper, an adaptive channel reservation scheme for multi-class traffic is proposed to ensure the quality- 
of-service for multimedia wireless cellular networks and to minimize the dropping of handoff calls. Although 
different numbers of guard channels are reserved for the handoff calls of different traffic classes, handoff calls 
of a class with low priority can access the guard channels of its next higher class handoff calls with a certain 
probability determined by the mobility of calls and channel occupancy. In this paper we developed a 
generalized analytical model to investigate the performance of this proposed scheme. 
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1. Introduction  
Call admission control (CAC) plays a vital role in the wireless mobile communication networks by 
guaranteeing quality-of-service requirements. It is very challenging to design the call admission control 
schemes as the resources are very limited and because of the mobility of the users. Call admission control 
scheme allows the access to the network only when the specified quality-of-service (QoS) requirements are met 
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(i.e. a new call is allowed only when there are enough resources are available to meet its QoS requirements 
without degrading the QoS of already existing calls). 
 
Two call-level QoS parameters (i.e., New Call Block Probability (NCBP) and Handoff Call Drop Probability 
(HCDP)) were introduced for wireless mobile communication networks [1]. When a new call request is 
generated and all the channels in the wireless medium are busy, then that new call request is ignored. This is 
called as new call blocking. The percentage of new calls blocked is called as NCBP (i.e. PB). A handoff takes 
place when a call moves from one cell to one of its neighbouring cells. When a handoff has occurred and if all 
the channels in the cell into which the call is moved are busy then that handoff call is dropped. The percentage 
of handoff calls dropped is known as HCDP (i.e. PD). In general, dropping a call in progress is considered to 
 a newly requested call. Hence we 
consider the handoff drop probability as the main QoS requirement. 
 
CAC schemes can be classified based upon the number of service classes offered by the wireless networks. 
Single-class CAC has been used in first and second generation (2G) wireless networks where only voice 
service was the main offered service. For next generation (3G & 4G) wireless networks, it became very 
essential to design efficient multi-class CAC schemes with the growth in development of multimedia services. 
It is very challenging to design multi-class CAC schemes as they must be designed by considering some critical 
issues like call prioritization, class differentiation, fairness etc. 
 
Several guard channel based CAC schemes have been proposed [2-9]. The guard channels are reserved for 
handoff calls exclusively. The non-guard channels can be allocated to both new and handoff calls. Increase in 
the number of guard channels decreases the handoff drop probability but it may also result in increasing new 
call block probability. Hence it is very important to choose number of guard channels to keep both NCBP and 
HCDP as minimum as possible. 
 
The rest of this paper is organized as follows. Section 2 presents the related work. Section 3 presents our 
proposed Adaptive Multi-Guard Channel Scheme (AMGCS) for multi-class traffic. Finally, Section 4 
concludes this paper. 
 
2. Related Work 
In [2], an adaptive channel reservation scheme for handoff prioritization based on GPS measurement is 
proposed. In [3-4], bandwidth utilization is enhanced by allowing QoS degradation. Preemptive priority 
schemes are presented in [5] where a real-time handoff request has the right to preempt a nonreal-time service 
call if there are no free channels available. In [7], queuing is done for both new and handoff calls in order to 
increase call-completion probability, still keeping forced-termination probability low. In [8], a road-map-based 
channel reservation scheme is proposed. In this scheme, base stations are equipped with road-map information 
and mobile hosts are equipped with global positioning system (GPS) devices. The GPS location information is 
periodically reported to base stations. Thus, the base stations estimate the speed and moving direction of mobile 
terminals using the location information of the mobile terminals at two consecutive epochs. In [9], a multi-class 
call admission control mechanism that is based on dynamic reservation pool for handoff requests is proposed. 
In [15], a distributed adaptive guard channel reservation (DAGCR) scheme for cellular networks was proposed. 
This DAGCR scheme guarantees the target QoS by using a hard constraint on the handoff call drop probability. 
Single class traffic was considered in the DAGCR scheme. In [16], an analytical model of a dynamic guard 
channel scheme was proposed which manages the reserved channels for handoff calls adaptively. A three-
dimensional Markov chain was constructed from two-dimensional Markov chains with one in the front layer 
and the other in the back layer for the dynamic guard channel scheme. It is mentioned in [17] that the per class 
adaptive CAC scheme is better than per flow scheme in terms of fairness and simplicity for prioritized 
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multimedia traffic in cellular wireless networks. In [10-12] more CAC policies have been presented to support 
the multimedia services in wireless cellular networks (WCNs). These, however, do not consider the problem of 
optimizing the admission policy to minimize the probability of dropping a handoff call. In [13], the theory of 
Semi-Markov Decision Process (SMDP) is used to construct an optimal CAC policy for WCNs that support 
multimedia services. In [14], an adaptive channel reservation scheme for multi-class traffic in wireless 
multimedia networks (AMGCS) was proposed. According to this work, the guard channels can be allocated for 
new calls according to the mobility of calls and channel occupancy. In [18], the Markovian model of the traffic 
types and handoff calls priority-based AMGCS was proposed to evaluate the handoff call drop and new call 
block probabilities. 
 
3. The Proposed AMGCS Model 
For simplicity, it is considered that all cells in the network are identical, so that we can concentrate on one 
particular cell. In the proposed scheme, W channels of each cell are divided into k + 1 regions by the thresholds 
(T1 to Tk). The threshold Ti is the boundary between the normal and guard channels of class Ci traffic, in which 
the normal channels can be used by both handoff calls and new calls, and the guard channels used by the 
handoff calls only. This scheme also allows a handoff call of class Ci to access the channels present between 
the thresholds Ti+1 and Ti+2, where , with some probability determined by the mobility of calls and 
channel occupancy. i (i.e., C1 is the lowest priority and 
Ck is the highest priority). W represents the total channel bandwidth. Both call prioritization and class 
differentiation are achieved using the proposed scheme. Handoff call prioritization is achieved by reserving 
some of the channels explicitly for the handoff calls. Class differentiation is achieved by using a different 
admission policy of new and handoff calls for each class. The basic model of the proposed scheme is shown in 
Figure 1. If there are k different types of services in the system, then hi ni represent the arrival rates of the 
handoff and new calls for class Ci traffic, respectively. 
 
Figure 1. The traffic priority and handoff based adaptive multi-guard channel scheme. 
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In this scheme we proposed one new adaption parameter to adjust the boundary of multi-guard channels. To 
i i 
represents the access probability of the handoff calls of class Ci traffic to the guard channels reserved for the 
handoff calls of class Ci+1 traffic.  1 is the ideal scenario, that is, the handoff calls boundary of Ci traffic is 
Ti+2, where . Anyway in every scenario the new calls boundary of Ci traffic is Ti. The analytical 
model for the proposed AMGCS is presented in the following section.  
Figure 2. The Markovian Model of the proposed scheme. 
 
3.1.  Analytical Model 
    In this study, we consider a system with homogenous cells. Thus, an equal number of channels, same traffic 
patterns, and symmetric directions of handoff calls for all traffic classes are assumed for each cell or base 
station (BS). According to Figure 1, the state transition diagram for the Markovian model of the proposed 
scheme is derived in Figure 2. The traffic parameters used to evaluate the performance of the proposed 
AMGCS scheme are as follows: 
 
ni is the mean arrival rate of new calls of class Ci traffic (Poisson process), for , 
hi is the mean arrival rate of handoff calls of class Ci traffic (Poisson process), for , 
i is the mean total arrival rate of class Ci traffic (Poisson process), for , 
i = ni + hi, for , 
μni is the mean service rate of new calls of class Ci traffic (Poisson process), for , 
μhi is the mean service rate of handoff calls of class Ci traffic (Poisson process), for , and 
 is the mean call service rate, for . 
Note that the service time represents the time duration for which a call is served. It is assumed that offered load 
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is uniform throughout the system and within each cell. There are W channels available in a cell. Each 
new/handoff call of class i requires wi channels. For the memoryless property, if both the new and handoff call 
arrivals of different service classes are exponentially distributed then it is easy to extend the model to include 
multiple different mean new and handoff rates for the corresponding service classes. According to the Markov 
chain birth death process, the global balance equations forming the state transition diagrams can be obtained 
from Figure 2. The steady state distribution can be derived in equation (1), where is the steady state 












Given the steady-state distribution, the new call block probability of class C1 traffic (i.e. ) can be expressed 
as the probability of the system being in the states where T1 or more channels are occupied, as shown in 
equation (4). 
 
The handoff drop probability of class C1 traffic (i.e. ) is the probability of the system in the states where the 
number of occupied channels is between T  and T  - 1 times the access failure probability (i.e. ) plus the 
probability of the system being in the states where T  or more channels are occupied, as shown in equation (5). 
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Similar to class C1 traffic, the new call block probability (i.e. ) and handoff call drop probability (i.e. ) of 




According to the above derivation, the general form of the new call block probability (i.e. ) and handoff call 





The new call block probability (i.e. ) and handoff call drop probability (i.e. ) of class Ck traffic are 


















Now comparing the handoff call drop probabilities presented in equations (13), (15), (17), (19) with the results 





In this paper, we proposed an adaptive channel reservation scheme for multi-class traffic in wireless 
multimedia networks. Although a number of channels (guard channels) are reserved for handoff calls of each 
class of traffic to support the QoS of ongoing calls, the handoff calls of a class can access the guard channels of 
its next class when the classes are arranged according to their priority with some probability determined based 
on availability of the guard channels. Through analysis, it was demonstrated that the proposed AMGCS reduces 
the handoff drop probability when compared to the existing AMGCS schemes discussed in [14, 18]. 
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